Background: DNA methylation is associated with the risk factors of breast cancer. However, the impact of the reproductive and non-reproductive risk factors of breast cancer on p14/ARF methylation is not well known. Therefore, we investigated the relationships between p14/ARF methylation percentage and risk factors of breast cancer including age, family history, obesity, and reproductive risk factors in 120 breast cancer-free subjects; 60 women with a firstdegree family history of breast cancer and 60 age-matched women with no family history of breast cancer. Extracted DNA from the whole blood was bisulfite-treated by EZ DNA modification kit. Quantitative methylation of p14/ARF was analyzed by methylation-specific PCR then methylation percentage of p14/ARF was calculated. Results: P14/ARF methylation percentage was not related to any of the risk factors of breast cancer except age. Our study showed that p14/ARF methylation percentage was significantly higher in females with age ≥ 40 years than in females with age < 40 years (p=0.029). Also, a positive significant correlation between the p14/ARF methylation percentage and age was detected (r = 0.285, p = 0.014). Furthermore, univariate regression analysis showed that the age is independently associated with high p14/ARF methylation percentage (β = 1. 46, p = 0.029).
Conclusion: Among healthy females, the age is strongly linked to the peripheral p14/ARF methylation percentage. The present study suggests that p14/ARF methylation is not associated with other breast cancer risk factors. These results need oncoming research on a large cohort to define the interactions between p14/ARF methylation and the risk factors of breast cancer.
Background
The p14 gene located on human chromosome 9 (9p21) is a member of cyclin-D-dependent kinase (CDK) inhibitors that act as cell cycle regulators, such as p16 and p15 genes [1] . The cyclin-D-dependent kinase inhibitor 2A/inhibitor of cyclin-D4 (CDKN2A/INK4A) produces two proteins including p16 INK4A protein and p14 ARF (alternative reading frame protein) that are two alternative splicings [1] . P14/ARF is identified as a tumor suppressor gene, acts as an inhibitor of E3 ubiquitin ligase (MDM2), prevents the degradation of p53 by its attachment to the p53/MDM2 complex [2] , and so results in the arrest of the cell cycle. However, the inhibitory effect of p14/ARF on the cell cycle progression can extend to G1, G2/M phases, and cell apoptosis and can be done through either p53 or separately from it through interactions with other proteins that control cell cycle such as Tat-interactive protein, 60 kDa (Tip60), nucleophosmin (NPM), transcription factor E2F, and (hypoxia-inducible factor1) HIF1alpha [3] . During carcinogenesis, the increase of p14/p53 expression induces cellular senescence and prevents the passage of cancer cells from G1 to S phase, and so, the sensitivity to chemotherapeutic agents increased [4] . Inactivation of p14/ARF gene due to genetic or epigenetic factors was reported to be associated with the growth of tumor cells [5, 6] .
DNA methylation is the most common epigenetic changes and is usually associated with the repression of gene transcription [7] . It has been implicated in many biological cellular processes like apoptosis, cellular senescence, proliferation, differentiation, and tumorigenesis. Wide research was conducted to establish the role of DNA methylation in development, diagnosis, and prognosis of cancer [8] . The analysis of the whole blood methylation by different methods identified that methylation of many gene loci are related to the risk of breast cancer [9] . There are many well-established environmental and genetic factors associated with breast cancer risk, but whether DNA methylation measured in blood is associated with breast cancer risk or not remains to be determined.
Bodelon et al. [10] reported that the blood DNA methylation might be a reflection to an immunological reaction in the breast tissue or a changed molecular pathway involved in carcinogenesis, or it may be an entity to risk factors like high estrogen level or obesity.
Aging is considered an attributable factor to carcinogenesis [11] . Also, obesity, family history of breast cancer, reproductive factors, and estrogen intake are considered as the most common conditions that predispose to breast cancer; however, breast cancer can be a preventable disease by reducing these risk factors [12] .
P14/ARF gene was reported to be aberrantly methylated in the blood of patients with many cancers including colon cancer [13] , lung cancer, and leukemia [14] . The results of previous studies about p14/ARF methylation in breast cancer were inconsistent. Delmonico et al. [15] suggested that P14/ARF gene was hypermethylated in the impalpable benign and malignant lesions of the breast. A previous study by Barekati et al. [16] reported that p14/ARF methylation in breast cancer tissue was not different from normal tissue. To the best of our knowledge, peripheral methylation of p14/ARF in women at the risk of breast cancer has not been investigated before. Therefore, this study aimed to investigate the influence of non-reproductive and reproductive risk factors of breast cancer on p14/ARF methylation to explore the relationship between p14/ARF methylation and the risk of breast cancer in healthy females with or without a family history of breast cancer.
Methods

Subjects
A total of 120 cancer-free subjects were enrolled in the current study. To show the effect of the non-reproductive risk factors of breast cancer (family history of breast cancer, age, BMI) on the peripheral p14/ARF methylation, the healthy cancer-free subjects were classified into groups which had or did not have a risk factor. The family history of breast cancer was defined as a history of breast cancer in one of the first-degree relatives including mother or sister or daughter. They were recruited from the South Egypt Cancer Institute from January 2017 to June 2018 during their attendance with their relatives who diagnosed as breast cancer patients. Also, the healthy females were classified into groups according to the presence or absence of reproductive risk factors (age of menarche, age at fullterm pregnancy, age at menopause, number of children, breastfeeding duration, parity). Exclusion criteria were a prior history of breast cancer or other tumors and age less than 18 years. The study was approved by the Medical Ethics Committee of faculty of medicine, Assiut University (17100649). All subjects provided a written informed consent before the start of the study.
DNA extraction
DNA was extracted from peripheral blood samples that were taken in tubes containing EDTA anticoagulant. Biospin Whole Blood Genomic DNA Extraction Kit (Gerham Pharmaceuticals, China, Cat#: BSC06S1) was utilized according to the instructions provided by the manufacturer. A nanodrop spectrophotometer (DNA, RNA calculator nanodrop, Epoch, Bioteck company BMS) was used to measure the DNA concentration.
Sodium bisulfite modification of DNA
The EZ DNA Methylation-Direct™ Kit (Zymo Research Corporation, USA, Catalog No. D5020) was used for bisulfite treatment of DNA. The bisulfite treatment method depends on the conversion of the unmethylated cytosine to uracil, and methylated cytosine remains unchanged giving rise to a difference in the sequence between methylated and unmethylated DNA. The process of bisulfite treatment was started by sodium bisulfite reaction with extracted DNA, and denaturation was done in a thermal cycler (Bio-Rad) for about 14 h and then treatment with m-binding solution, washing, desulphonation, washing, and finally elution with 12 μl buffer. For the stability of the converted DNA, it was stored in -80°C and used for methylation-specific-PCR (MSP) within 1 month.
Methylation-specific SYBR green PCR
Methylation-specific qPCR was done with 2 μl of bisulfitetreated DNA, 10 μl SensiFAST SYBR Hi-ROX (Bioline, USA, Cat BIO-52067), 1 μl of forward, 1 μl of reverse primer, and 6 μl of bidistilled water. The PCR reaction was performed in 96 well-plate 7500 fast real-time PCR system (Applied Biosystems). The PCR conditions included an activation stage at 95°C for 15 min, 40 cycles of denaturation at 95°C for 30 s, annealing at 60°C for 60 s, and extension at 72°C for 60 s. The methylated p14/ARF primer used was as follows: forward: 5′-gtgttaaagggcggcgtagc-3′, reverse: 5′-aaaaccctcactcgcgacga-3′ (Thermofisher scientific, UK). The unmethylated p14/ARF primer was used as follows: the forward: 5′-aaaaccctcactcgcgacga-3′ and the reverse 5′cacaaaaaccctcactcacaacaa-3′(Thermofisher scientific, UK). The accession number of p14/ARF in the gene bank is AF082338.1. 
Calculation of the methylation percentage
The present study used methylation percentage of p14/ ARF gene as described in a previous study that established the following equation: p14/ARF methylation percentage = 100/[1 + 2 ΔCT (meth-unmeth) ] % [17] , Δ CT was calculated by subtracting the Ct values of methylated p14/ARF signals from the Ct values of unmethylated p14/ARF signals. The Ct values ranged from 22 to 39 and the mean of Ct values of methylated p14/ARF was higher than the mean of Ct values of unmethylated p14/ARF.
Statistical analysis
IBM SPSS 22 Software was utilized for statistical analysis. Continuous data were presented as means ± SD while qualitative data were used as a percent and frequency. The normality of the dependent variable (p14/ ARF methylation percentage) was checked for the independent variables (subgroups) by skewness and kutrosis z values. The chi-square test was used for comparison between the percentages of risk factors (subgroups) between the two groups. The unpaired t test was used for the comparison between the mean of two groups. The correlations between the methylation percentages of p14/ARF gene and risk factors were done by use of the Pearson correlation test. Univariate linear regression with method enter was used to show the predicted effects of the breast cancer risk factors on p14/ARF methylation. Statistical significances were assumed when the p values were less than 0.05.
Results
Characteristics of the studied groups according to the risk factors of breast cancer Table 1 shows the distribution of the number and the frequencies of subgroups according to the risk factors of breast cancer in the females with and without a family history of breast cancer groups (120 subjects). A total of 100 healthy females was used in the comparison between these subgroups, including the age at full-term pregnancy, number of children, and breastfeeding duration. One hundred sixteen subjects (4 cases were excluded from analysis as their BMI was less than 25 kg/m 2 ) were divided into two subgroups according to BMI; the first subgroup was the overweight with BMI 25-29 kg/m 2 , whereas the second subgroup was the obese with BMI ≥ 30 kg/m 2 . There were no significant differences within the number of subgroups between the two groups as regards to the age, the age at menarche, the age at first full-term pregnancy, the menopausal state, the number of children, and the parity. The frequency of subjects with BMI ≥ 30 kg/m 2 was significantly higher in females with a family history of breast cancer (46/60,76.7%) than in females with no family history of breast cancer (18/56, 32.1%),(p = 0.001). The percentage of subjects with duration of breastfeeding 6-18 months was 66.6% and 34.6% in females without and with a family history of breast cancer, respectively, whereas the number of subjects that had duration of breastfeeding for more than 18 months was significantly higher in females with a family history of breast cancer in comparison to females without family history 34/52, (665.4%) vs 16/48 (33.3%), p = 0.021.
Association of p14/ARF methylation percentage with the risk factors of breast cancer
The females with age more than 40 years had a significantly higher p14/ARF methylation expression level in comparison to females with age less than 40 years (p = 0.029). There were no significant differences between p14/ARF methylation levels among the subdivided subjects according to the family history of breast cancer, BMI, nor the reproductive risk factors ( Table 2) .
Univariate linear regression analysis of p14/ARF methylation percentage according to studied subgroups
To investigate the predictors of p14/ARF methylation percentage in healthy females, we used univariate linear regression analysis, the variables assessed were divided to categorical variables (family history, menopausal state, breastfeeding duration, the age, the age at menarche, the age at full-term pregnancy and number of children). The age was independent risk factor to p14/ARF methylation (β = 1.46, p = 0.029) as the age above 40 years was associated with an increase of p14/ARF methylation. However, neither the family history or reproductive factors of breast cancer were linked to p14/ARF methylation percentage ( Table 3) .
Correlation of p14/ARF methylation percentage with risk factors of breast cancer
Correlation analysis between p14/ARF methylation percentage and risk factors of breast cancer is illustrated in Table 4 . There were positive correlations between the age and p14/ARF methylation percentage (r = 0.285, p = 0.014). In addition, reproductive factors as age at menarche, number of pregnancies, age at first childbirth, and breastfeeding duration were not correlated with the quantitative methylation expression level of p14/ ARF gene.
The distribution of the low and high methylation expression levels of p14/ARF according to the age subgroups
The median of p14/ARF methylation percentage was 30.03%, so the studied subjects were classified into two groups, low and high methylation of p14/ARF. The percentage of females with age more than 40 years who had high p14/ARF methylation were insignificantly higher than those with low p14/ARF methylation (p = 0.088). Also, low The continuous data were expressed as means ± SD. Independent sample t test showed the difference of p14/ARF methylation percentage between the subgroups. BMI: body mass index. P value is significant if less than 0.05
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Discussion
DNA transformation and epigenetic alterations can be recognized in each of breast tissue and blood of healthy females with a positive history of breast cancer in their relatives [18] . Furthermore, aberrant DNA methylation is as well as a hazardous factor for breast malignant growth, but also it is an increment agent to the conceptual elements of breast carcinogenesis [19] . It is accepted that incident breast carcinoma increased with age that co-occurs with DNA methylation conducting to carcinogenesis [20] . Hence, the identification of the interactions of DNA methylation with reproductive and non-reproductive risk factors for breast cancer is a fundamental issue in breast cancer research. The present study explored the association of p 14/ARF methylation with the risk factors of breast cancer in 60 healthy females with a family history of breast cancer and another 60 females with no family history of breast cancer. Curiously, p14/ARF methylation percentage in the current study was not associated with a family history of breast cancer. As far as we could know, there are no studies about p14/ARF methylation and family history of breast cancer in hazardous women was reported, and our results are a preliminary report and enormous planned investigations are needed. Previously, p14/ARF methylation studies reported that to be not linked to the cancer family history in Indian breast cancer patients [21] , and Egyptian colorectal cancer patients [13] , however, change in DNA methylation due to a family history of breast cancer had been confirmed by several studies. Scott et al. [22] investigated blood DNA methylation in Australian women with BRCA1-like earlyonset breast cancer and indicated that higher methylation of BRCA-1 promoter in those women than non-BRCA mutation carrier women. Recently, Joo et al. [23] identified 24 heritable DNA methylation markers in the blood of 210 Australian females by Infinium Human Methylation 450, five of these 24 were present in the promoter region of a vault RNA, VTRNA2-1 and the remaining 19 were distributed differently in the genome.
In the present study, reproductive risk factors of breast cancer were not associated with p14/ARF methylation percentage as indicated by independent t test and univariate analysis. Our data cannot be compared with other studies because different methods of estimation of p14/ARF methylation, and no methylation studies linked p14/ARF to the reproductive factors of breast cancer in cancer-free females. Further studies are needed, but we suggest that p14/ARF methylation in the previous studies were associated with reproductive risk factors of breast cancer [24] due to the correlation of breast tissue DNA methylation with blood DNA methylation, so p14/ARF hypermethylation may only occur in the presence of breast cancer. On the contrary, a previous web study showed that the risk factors of breast cancer in breast cancer patients were not related to any of the CDKN2A genes (p14/ARF, p16) [25] .
An explanation of the present results that showed no association of p14/ARF methylation with breast cancer risk factors is the small sample size of the present study. The incompatibility of results of previous research on the p14/ARF gene methylation and breast cancer needs to be mentioned. One of these studies had shown a link between p14/ARF methylation and breast cancer in both young and old women [26] . On the contrary, there was no difference between the normal and carcinogenic tissue of the breast concerning p14/ARF methylation [27, 28] . Compared to other genes as p16 and ATM, the p14/ARF gene showed a relatively small percentage of the methylation in breast tissue, blood, and saliva from breast cancer patients with impalpable lesions. The relationship between p14/ARF methylation and the risk factors of breast cancer in healthy women had not been studied before. Our results might be an extension of the previous studies that reported that the relation of p14/ARF methylation to the breast cancer risk factors in breast cancer patients is insubstantial, and the present gene is scarcely affected by methylation on account of breast cancer risk factors. The interplay of DNA methylation and breast cancer risk factors on the odds of breast cancer were investigated by other researchers. For example, one of the researchers, Collin et al. [19] studied the effect of reproductive factors on peripheral global methylation in a population-based study and the authors suggested that age at menarche and age at first birth may be modifiers of the association between global DNA methylation and breast cancer risk.
In the present study, p14/ARF methylation percentage was significantly higher in females aged above 40 years than females aged less 40 years. Also, a positive correlation between p14/ARF methylation and the age was detected. Univariate analysis revealed that age is an independent factor of the p14/ARF methylation percentage. The age is the most important factor for breast cancer susceptibility and p14/ARF methylation was significantly higher in breast cancer patients older than 50 years as showed by a study of Askari et al. [21] , but the authors also revealed that the p14/ARF methylation percentage was insignificant between menopause, age at menarche, or age at full-term pregnancy subgroups as shown in the current report. Interestingly, p14/ARF methylation frequency was insignificantly higher with age of menarche, age at menopause above 50 years in breast cancer patients [21] . According to previous studies, the DNA methylation changes that arise due to aging occur at specific loci [29] and may be affected by the BMI [30] . Moreover, the rarely detectable DNA methylation in normal tissues is attributed to aging [31] , and these epigenetic alterations in aged subjects may initiate carcinogenesis [11] . An increase of p14/ARF methylation percentage by age might indicate the loss of the regenerative power of the cells and susceptibility to malignancy.
There are some limitations to this study, including the small number of patients studied and the lack of p14/ARF gene methylation study in breast cancer patients at the same time with healthy females. Also, patients with more than one relative with breast cancer were not studied, and the effect of several risk factors was not discussed together.
Conclusion
The present study suggests that the relationship of p14/ ARF methylation with the reproductive risk factors of breast cancer in healthy females is delicate, and p14/ARF methylation percentage is only associated with the age as one of the non-reproductive risk factors of breast cancer. The present study gives an illusion about relationships of p14/ARF methylation with risk factors of breast cancer in breast cancer-free females; however, further large studies are needed for approving this association. 
